Desmopressin (1-deamino-8-D-arginine vasopressin; \[DDAVP\]) is a synthetic nine-amino acid cyclic peptide analogue of vasopressin\[[@ref1][@ref2]\]. It is useful for treating bleeding disorders, such as mild forms of haemophilia A, von Willebrand\'s disease, polyuria related to central diabetes insipidus and nocturnal enuresis especially in young children\[[@ref3][@ref4]\]. Currently, DDAVP is administered orally in tablet formulation (Minirin, Ferring Pharmaceuticals), but its bioavailability is lower than 1%\[[@ref5]\]. Several techniques including viscous formulation\[[@ref6]\], metered-dose nasal spray instead of nose drops\[[@ref7]\], lipophilic pro-drug formulation\[[@ref8]\] as well as bio-adhesive\[[@ref9]\], liposome\[[@ref10]\] and transdermal delivery systems\[[@ref11]\] have been employed to enhance desmopressin nasal absorption. Recently, nanoparticulate delivery systems were proposed to have the potential to improve drug stability, to increase the duration of the therapeutic effect and to allow administration through nonparenteral routes\[[@ref12]\]. In 2010, Taghizadeh and Safaei have been active in design and development of chitosan nanoparticles for an oral drug delivery system to increase the efficiency and bioavailability of oral drugs\[[@ref13]\].

Also, many analytical techniques including high-performance liquid chromatography (HPLC)\[[@ref14][@ref15]\], liquid chromatography/mass spectrometry\[[@ref16][@ref17]\] and capillary electrophoresis\[[@ref18]\] have been used for assaying desmopressin in drug delivery systems. Among these methods, the chromatographic procedure has been repeatedly cited in the United States pharmacopeia (USP) and British Pharmacopeia as an officially validated method using DDAVP chronic rhinosinusitis (CRS). However, most of these methods result in long retention times and use buffers with high concentration salt as mobile phase.

In this study, a simple, fast, accurate and precise reversed-phase HPLC (RP-HPLC) method for DDAVP assay in chitosan nanoparticles in the release media (i.e., phosphate buffer with pH=7.4 and ionic strength=0.03) was evaluated. Evaluation of sensitivity, precision and accuracy of the method yielded best results. Furthermore, this method was very friendly with the type of release media and was tested in an *in vitro* environment.

Desmopressin (DDAVP) was purchased from Macfarlan Smith (Edinburgh, UK). HPLC-grade acetonitrile, potassium hydrogen phosphate and trifluoroacetic acid (TFA) obtained from Romil chemicals (Loughborough, UK). Acetic acid, paraffin and span 80 were obtained from Merck Company (Darmstadt, Germany) and glutaraldehyde from Aldrich Chemical Company (USA). Chitosan (M: 780,000 DD: 61.5) was obtained from Fluka Company (Switzerland) and modified as a required DD: 75 (3). HPLC-grade water was produced locally using a Milli-Q system from Millipore (Billerica, MA, USA).

Briefly, in order to prepare the chitosan nanoparticle drug delivery system, the aqueous phase containing 0.045 g chitosan and 0.5 mg DDAVP dissolved into 4.5 ml acetic acid 1% v/v dropped into water-oil (w/o) emulsion. The oil phase contained 29.6 ml paraffin and 0.4 ml span 80 with 0.08 ml glutaraldehyde 25% v/v as the cross-linker to provide the stability of emulsion. The mixing rate was modified to 2000 rpm to get smaller nanoparticles at the 40° temperature during the emulsification. The resulted emulsion was centrifuged at high speed and washed twice with petroleum ether and dried in room temperature. Another sample consisting of 1 g of the polymeric carrier formulation containing no DDAVP in 40 ml of the release medium was also prepared for spiking and as the negative control sample.

To study the *in vitro* drug release, the chitosan nanoparticles (0.006 g) were put into dark glasses with a capacity of 20 ml, containing 10 ml phosphate buffer (pH=7.4, ionic strength=0.03). The glasses were shaken horizontally and constantly at the temperature of 37° by controlled shaker at 100 rpm. At specified time intervals up to 48 h, samples (3 ml) were withdrawn and replaced with fresh medium. The resulting solution was filtered using 0.45 μm polytetrafluoroethylene filter into standard analytical glass vials and injected in to the HPLC. Three such samples were prepared (0.006 g) according the USP criteria and injected triplicate.

Analysis of standards and real samples were performed on a Younglin SP930D low pressure gradient pump, ultraviolet (UV 730D) dual wavelength UV detector, CTS30 column oven controlled by Autochro™ 2000 software (Kyungki-do, Korea), a Rheodyne 7725i (PerkinElmer, USA) injector, along with a 20 μl sample loop. Chromolith^®^ Performance RP-18e column (150×4.6 mm; 5 μm) was employed for all separations. The mobile phase was a mixture of 0.1% TFA (pH=2.5) in water and acetonitrile (75/25) at a flow rate of 1.6 ml/min in isocratic elution mode. The injection volume was 20 μl for all samples. The detection was performed at the wavelength of 220 nm. Refrigerated centrifuge model 2-16 KC (Sigma, Germany) was employed for phase separation.

A standard stock solution of DDAVP (1000 μg/ml) was prepared in phosphate buffer (pH=7.4). Calibration standards at seven levels by further diluted stock standard solution in the concentration rang of 0.5-100 μg/ml. Similarly, quality control (QC) standard solutions were prepared daily by diluting the stock standard solution for the final QC concentration of 5, 50 and 100 μg/ml. All of these solutions were stored in a fridge (4°) and brought to ambient temperature just prior to use. Samples in triplicates were made for each concentration and peak areas were plotted against the corresponding concentration to obtain the calibration graphs.

The HPLC method was evaluated according to the International Conference on Harmonisation (ICH) guideline\[[@ref19]\]. The following validation characteristics were addressed: linearity, accuracy, precision and specificity, limit of detection (LOD) and limit of quantification (LOQ) and robustness. System suitability standard solution, which contained 100 μg/ml DDAVP. System suitability was determined from six replicate injections of the system suitability standard before sample analysis. The acceptance criteria for DDAVP were \<2% relative standard deviation (RSD) and a signal-to-noise ratio of at least ten for the corresponding peak area.

Standard calibration curve was prepared with seven calibrators over a concentration rang of 0.5-100 μg/ml for DDAVP. The data of peak area versus concentration was treated by linear least square regression analysis. The standard curve was evaluated for intra-day and inter-day linearity. To study the reliability and suitability of the developed method, recovery experiments were carried out. Placebo samples were spiked with different amount of DDAVP at 50, 100 and 150% in duplicate for each one (n=6) over the theoretical values. Measured values were compared with the theoretical concentration. The percentage RSD of individual measurements was also determined and \<5% was set as the limit for acceptance.

The precision of the developed method was assessed in terms of repeatability and intermediate precision by analysing three replicate QC standard samples at 50, 100 and 150% levels that cover the calibration rang for DDAVP. The % RSD values of the results corresponding to the peak area and retention time were expressed for intra-day precision and on 3 days for intermediate (inter-day) precision. The LOD and LOQ for the procedure were performed on samples containing very low concentration of analytes under the ICH guidelines. By applying the visual evaluation method, LOD was expressed by establishing the minimum level at which the analyte can be reliably detected. LOQ was considered as the lowest concentration of the analytes in standards that can be reproducibly measured with acceptable accuracy and precision (RSD\<2%). The robustness of the method was evaluated by analysing the system suitability standards and evaluating system suitability parameter data after varying, individually, the HPLC pump flow rate (±10%), organic solvent content (±6%) and column compartment temperature (±14%).

First, HPLC method was investigated for DDAVP assay in the release media. Detection wavelength was optimized at wavelength of 220 nm according to UV spectrum of the analyte in the presence of the release media (aqueous phosphate buffer with pH=7.4 and ionic strength of 0.03). In order to establish optimized HPLC conditions for DDAVP assay in the real samples and DDAVP CRS, systematic variations of the effective parameters comprising mobile phase composition, such as aqueous pH, ionic strength, ratio of aqueous to organic mobile phase constituents, flow rate and column packing were investigated. Based on the results, the best chromatographic conditions considering total run time, retention time, solvent elution time and peak shape (i.e., symmetry and analytical power) were fixed at a flow rate of 1.6 ml/min and mobile phase containing of acetonitrile/water (25:75, v/v), in which water contained 0.1% (v/v) TFA with pH=2.5. Separation was carried out on the Chromolith^®^ Performance RP-18e (150×4.6 mm; particle size: 5 μm) at 40°. As previously described, the detection wavelength was set at 220 nm. The optimized method was running in all stages of method validation, including laboratories experiments. Chromatograms obtained from the analysis of blank, standard and real samples are demonstrated in [fig. 1](#F1){ref-type="fig"}.

![HPLC chromatograms.\
High-performance liquid chromatography chromatogram for assay of 1-deamino-8-D-arginine vasopressin (DDAVP) with retention time at 1.6 min obtained by the optimized method, A: blank (release media: Phosphate buffer, pH=7.4), B: standard solution (50 μg/ml), C: release chromatogram for DDAVP from chitosan nanoparticles in the *in vitro* media.](IJPhS-75-221-g001){#F1}

When a method has been optimized it must be validated before practical use. By following the ICH guidelines for analytical method validation, Q~2~ (R1), the system suitability testing (SST) was performed and the validation characteristics were addressed. The system suitability test ensures the validity of the analytical procedure. All critical parameters tested met the acceptance criteria on all days. According to the monograph, analyte is eluted by forming symmetrical single peak well-separated from the solvent front ([Table 1](#T1){ref-type="table"}). For the construction of calibration curves, seven calibration standard solutions were prepared over the concentration rang of 0.5-00 μg/ml. The results, summarised in [Table 2](#T2){ref-type="table"}, show a good correlation between analyse peak and concentration with *r*\>0.9999 (*n*=7).

###### 

METHOD VALIDATION RESULTS FOR THE STUDIED COMPOUND
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###### 

LINEARITY PARAMETERS FOR THE ESTIMATION OF DDAVP

![](IJPhS-75-221-g003)

Accuracy and precision were established across the analytical range for DDAVP. The intra- and inter-day accuracy and precision were calculated from the QC samples ([Table 1](#T1){ref-type="table"}). Repeatability (intra-day precision) of the analytical method was found to be reliable based on % RSD (\<2%) corresponding to the peak areas and retention times. Intermediate precision (inter-day accuracy) was demonstrated on different days and evaluating the peak area data at three QC standards that cover the assay method range. The % RSD values were \<5% and illustrated the good precision for the analytical method. For determining accuracy, placebo solutions spiked with reference standards were used. The recovery was 100±5% for all samples with % RSD \<5%.

Specificity is the ability to assess the analyte unequivocally in the presence of components expected to be present. Typically, these components might include impurities, degradants and matrix. Therefore, only one peak was observed and specificity of the method was one. The LOD and LOQ values were found to be 0.05 and 0.5 μg/ml.

To ensure to insensitivity of the developed HPLC method to minor changes in the experimental conditions, it is important to demonstrate its robustness. None of the alterations caused a significant change in peak area RSD, USP tailing factor and theoretical plates ([Table 3](#T3){ref-type="table"}). Although the changes in retention times were more significant, separation was sufficient and quantitation was still possible.

###### 

METHOD VALIDATION DATA FOR ROBUSTNESS STUDY

![](IJPhS-75-221-g004)

The efficiency of the presented method was evaluated by determining the desmopressin concentration from chitosan nanoparticles in the release media (phosphate buffer, pH=7.4). The results of three-replicate analysis of each sample were obtained using the proposed method. The release curve is depicted in [fig. 2](#F2){ref-type="fig"}.

![*In vitro* release profile of DDAVP.\
Release profile of 1-deamino-8-D-arginine vasopressin (DDAVP) at 37° from the release media by high-performance liquid chromatography.](IJPhS-75-221-g005){#F2}

In this study, we have evaluated a simple, sensitive, specific and rapid HPLC method that it is very friendly with the type of release media. This method exhibited best sensitivity, accuracy and precision for inter- and intra-day analysis. Finally, the proposed method is recommended as the routine analysis technique for desmopressin assay in *in vitro* media.
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